
BNL-19957

Ar and 54Fe*
EVIDENCE FOR VALENCE NEUTRON CAPTURE

IN S-WAVE NEUTRON CAPTURE IN a°

S. P. Kughabghab

Brookhaven National Laboratory
Upton, New fork 11973

Conference on Nuclear Croaa Sections and Technology

3-7 March 197S

Washington, 0. C.

-NOTICE -
This report was prepared as an account of work
sponsored by the United States Government. Neither
the United States nor the United Stales Energy
Research and Development Administration, nor any of
their employees, nor any of tlicit contractors,
subcontractors, or tlieir employees, makes any
warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or
proefsf disclosed, or represents that its use would not
infringe privately owned rights.

•Research supported by U.S. Energy Research and Development Administration

By acceptance of this article, the publisher and/or recipient acknowledges the U.S.
Government's right to retain a nonexclusive, royalty-free license In and to any copyright
covering this paper.



EVIDENCE FOR VALENCE NEUTRON CAPTURE IN S-WAVE NEUTRON CAPTURE IN M A r and F«*
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The valence and channel neutron BodeI of Lane and Lynn reaarkably account for
partial radiative vldthe of neutron reaonancea In the 3p-glant rasonanca. In thli
investigation, evidence ta preaentad for valence neutron capture at end In the neighbor*
hood of the 3a- giant reeonanca In target nuclei Ar-36 and Ft-54. In addition, the

variation of the correlation coefficient P(XV,, E,. ,

power factor n of the V ray energy la atudled.

(2J+1) S. ) vlth the reduction
dp

('fheraal capture ipectra; vaUnea capture In 39Ar and (*Fe)

Introduction

A conaidprable number of recent Inveetlgatlona
have been devoted to the study of nonatatlatlcal
effecta In the neutron capture mechanism In the
thermal end resonance region. These nonstat'stlcal
effect* generally manifest themselves In the obser-
vation of enhanced ganma ray transitions to low lying
states with Inree single particle character. The
Interpretation < a # 3 )of the thermal capture data In
terms of either of the simple reaction mechanisms
described below Is one of the Interesting aspects of
these Investigations. Three proposed simple reaction
mechanisms which quantitatively explain these
observations are (1) hard sphere capture, (2) channel
capture, and (3) valence capture. Other reaction
mechanisms such as doorway state formation will not be
treated here. The hard sphere or potential capture
croaa aectlon for an s-vave neutron undergoing a trin-
altlon to a final p state la exprecsed by:

y2 (l)

In thla relation, 8 f Is a reduced dimenslonleaa neutron

width of the final state and y • kj^ R "here Ic^ is

the wave number corresponding to the binding energy of
the final state. The interesting features of this
relation is chat the hard sphere partial capture croa&
section Is (1) correlated with the (d,p) apectroscoplc
factors of the final states and (11) it follows an E^

energy dependence. Estimates of (1) in the mass
region around A « 50 are abcut 0.3b.

The channel capture contribution to the radi-
ative width I* of an s-wave resonance with spin J is

given by:

Ylf
in «V (2)

where the last term is the Wigner 6-j symbol. Note
that the energy dependence of I" - Is closely pro-

2
portlonal to E .

The valence capture component for an El tran-
sition is expressed by:

(3)

H and I , are the angular momentum vector coupling

coefficients and the radial overlap Integrals for El
transition* respectively. It la Interesting to not*
that the limit* of Integration of 1 ^ are from 0 to «.

For the case of channel capture, the Integration was
carried out In the cxtemul region to arrive at re-
lation (2). In this Investigation, the Y ray energy
dependence of the radial overlap integrals In (3) was
atudled for a-wave capture In the •*•• region 50,
using Saxon-Wood potential. The result* show that the
energy dependence of I.. la not very atrong; specifi-
cally I «

Neutron Capture Mechanism In Ar-36

The Y ray Intensities due to thermal neutron
capture were measured by Von Wllle<e>using a highly
enriched sample of Ar-36 (99.9%). Hardell and Bear' '
using a natural ergon sample observed several Ar-36
lines and reported their lntenaltlea relative to Ar-40.
The Ar-36 Y ray intensities were converted here to
absolute values with the aid of the thermal capture
croaa sections of Ar-36 and A4-40 (0^ - 0.66b) and

their natural abundance* ai reported In BNL-323 (1973).
As shown In Table I, very good agreement la obtained
between the two sets of measurements.

A display of the energy level diagram of Ar-37 and
Y ray Intensities due to thermal neutron capture 1*
•hewn In Fig. 1. The (d,p) apectroacoplc factor S

aa indicated in the figure are weighted average* of tha
moat recent data. One notes Immediately that the
strongest El transitions are populating final states
vlth large spectroscoplc factors. Analysis of the
data show that the Y ray lntenaltlea are highly corre-
lated with the (d,p) data, (2J-l)Sd . When ouch

significant correlation Is established, one seeks to
find out whether the reaction mechanism ia dominated
by hard sphere, channel, or valence capture. The
magnitude as well aa the Y ray energy dependence of
the intensities can shed light on this question. As a
reault, partial radiative width* are calculated In the
framework of the valence neutron model using the param-
eters of the bound level derived by Mughabghab and
Magurno. In these calculations, the normalisation pro-
cedure described by Lane and Mughabghab Is applied.
A coaparlaon between predicted and measured partial
radiative widths is described in Fig. 2 which shows
good agreement between the two sets. Finally, It la
Interesting to point out that detailed analysis of the
correlation coefficient:

P<rYl] Y dp>

*Kcaearch supported by U.S. Energy Research and
Development Administration.

la optlmired for n - 1.2, a result which la not
max

reconciled with channel or valance capttira for which
n • ? or 3 respectively.
max
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Fig. 1
Energy level diagram and thermal neutron

capture Y ray Intensities of Ar-37
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Fig. 2

Comparison of meanured and circulated partial
radiative widths of :>BAr (n,v>
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Study of the variation of the correlation
coefficient p with the reduction factor n



Neutron Capture Mechanism In Fe-54 References

Ft-54 Is locnted in the mnss region where the 3 s-
vave neutron strength (unction attains a maximum vnlue
and where It In expected that the single pnrtlcle 3«
state Is located just near the neutron separation
energy. In thin discussion we report Fe-54 aa another
. aiicHoair fi'i vnlotirc capture. Aniilyils of ttic thermal
crosa sections vt Fe-54 In terms of positive energy
resonances Indicates that the thermal capture cross
reel ion is nrromircd for In terms of tlie 7.8 keV reso-
nance, wiilcli inConnat Ion Is used lo derive a radiative
width of 2.4 eV for this resonance. In addition, thla
indlcat.es Lh.it die thermal capture V ray intensities
ran be considered as due to capture In the 7.8 keV
resonance, nep.lectJng interference effects. The energy
level diagram ami thermal capture V ray Intensities
.if ire-55 are described in fig. ). The partial radi-
ative widths due to valence capture process are calcu-
lated and compared with the experimental values. Aa
'hew, tli? agreement between mecsuicd and calculated
values is reasonably good. The calculated ground
state radiative width Is about half the measured value.
This could possibly be due to interference effects. A«
s result, it will be of Interest to carry out Y ray
spectra measurements due to capture In the 7.8 keV
resonance. Finally, the variation of the correlation
coefficient with the reduction power factor, n, is
•tudled. The results illustrated in Fig. 4 show that
,'/ Is maximized for n • 2.4 in agreement vith channel
nr valence capture. For comparison, similar studies
cctrled out on T1-A8, Cr-50, and Cr-54 are ahown in
the Fig. 4.
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Table I
Y Ray Intensities of 3 Ar (n,Y)

 3TAr

Y Ray Energy

(keV)

8790.8

6300.2

5273.5

4851.8

4342.3

4211.6

4153.0

3981.4

3700.2

2599.6

2107.5

1410.6

E

(VeV)

0

2491

3517

3939

4449

4579

4638

4810

5091

6191

(6)

(photons/100 capture)

10.9*0.8

37.5*3.0

25.0*1.5

0.8*0.1

1.6*0.2

3.2*0.2

0.8*0.1

1.8*0.2

13.4*0.9

3.1*0.5

23.7*0.1

33.0*0.5

(7)

(photons/100 capture)

10.1
37.1

18.2

18.6

31.0


